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At the outset I would like to acknowvledge the kindness of Dr. Batson in answering my requests for information. His ready response wvith lucid explanations has left me with a sense of misgiving that somewhere in my experiments a technical error has been committed; but, with the exception of the medium used for injection, the work has been carried out according to his directions, In 1938 Batson reported a description of the vertebral venous system which he considered to be independent of and quite distinct from the caval, pulmonary and portal systems. It is comprisecd of complex, interlacing tributaries running along the spinal canal and ramifying in and around the vertebral bodies; it has few valves, very little permanent flow and the pressure is low. The system, in other words, acts as a reservoir of moderately large volume. It is in free communication with the iliac, lumbar, azygos and cranial veins but it is not subject to the same alterations in pressure during coughing or straining. It may thus provide an alternative path for the venous return when the intra-abdominal or intrathoracic pressure is raised. Batson demonstrated this system in cadavera by the injection of radiopaque material into the deep dorsal vein of the penis. In his earlier attempts he injected a viscid substance King's yellow-which filled the main caval veins, but, after using vermilion water colour, described as having the consistency of light machine oil, the vertebral system was clearly demonstrated while the caval veins remained empty. The explanation offered for this change of route was that the vertebral veins lay at a lower level than the caval veins-the cadaver lying in the supine position-and the medium of low viscosity freely entered the vertebral system. The greater the quantity injected the further the medium spread up the vertebral column until veins in the skull were filled. The injections were made under fluoroscopic control and stereoscopic radiographs showed the medium to be within the bones.
He extended his experiments to living monkeys and found that on injecting thorotrast into the deep dorsal vein of the penis the inferior vena cava was filled, but, after compressing the abdomen by a tight band, the medium passed into the vertebral system. Batson was forcibly struck by the similarity as shown in the radiographs between the distribution of the opaque venous channels in and around the sacrum, lumbar spine and ilia and the distribution of metastases from cancer of the prostate.
He then discussed the possible methods of spread in these cases. The lymphatic permeation theory of Handley (1922) was dismissed as improbable and the work of Warren on the perineural lymphatic route was scarcely considered. He agreed that metastases were blood-borne but did not favour a spread through the lungs as accepted by many pathologists, notably Willis (1934) . He contended that the act of straining would disseminate malignant cells into the vertebral plexus where they would readily settle in or around the adjacent bones and might even pass up into the skull.
To test his hypothesis he injected small mammary veins and found that the opaque medium passed readily into the vertebral svstem, via intercostal and scapular veins, and thence spread up and down the spine finding its way to the skull, the pelvis and femora. The medium, in addition, entered the upper ends of the humeri and clavicles and the entire distribution corresponded to the spread of breast cancer. Batson contended further that the free communication of the bronchial veins with this plexus explained the intracranial spread of metastases from bronchial carcinomata and lung abscesses. In a similar way he explained the source of air embolism following pneumothorax.
In our efforts to confirm Batson's findings we have been forced to use different media owing to the scarcitv of vermilion water colour, and the bodies used have not previously Section of Radiology been preserved for dissection, but have been injected at varying intervals within twentyfour hours of death.
In the first experiments uroselectan and 20% sodium bromide were used and the caval veins were quickly filled. There was very little evidence of opaque medium in the paravertebral veins so that in subsequent experiments the inferior vena cava, femoral and external iliac veins were ligated. This produced an improved filling of the sacral, iliolumbar and ascending lumbar veins, togethei with maniy of their small tributaries ( fig. 1 ). Another series of observations was made using a suspension of crude vermilion, sufficiently dilute to enter minute vessels in the kidney, so that it appeared to be an adequate substitute for vermilion water colour (fig. 2 ). No attempt was made to estimate the specific gravity of the medium as the vermilion was in suspension.
In some cases the bodies were injected soon after death and radiographs were taken immediately after injection and repeated some twelve hours later. Comparison of these radiographs showed less medium in the caval system and more around the vertebrae in the later films, which suggested that the forces of gravity may have been partly responsible. It was these films which most closely resembled those of Batson (fig. 3) .
As a variation some lipiodol was injected into the corpora cavernosa of the penis, and this was followed by xylol to lower the viscosity. Small globules of lipiodol were washed into the venous system and several overlay the vertebral bodies, but it was not possible to localize them within the vertebral system.
One case, in which a moderate filling of the veins around the vertebrae had been obtained, was radiographed after the post-mortem examination. Very little medium remained although the paravertebral veins had not been disturbed.
In all experiments there seemed to be overwhelming evidence that the main return took place through the caval tributaries. On no occasion did the medium reach the skull, the highest point being the entry into the superior hemi-azygos vein after retrograde filling from the azygos vein. The volume of the system seemed to be relatively small. Several attempts were made to demonstrate the communications between the breast and the vertebral system without success. This may have been due to technical faults as the only veins which were sufficiently large to inject, led directly to the axillary and subclavicular veins.
DISCUSSION AND SUMMARY
The experiments show that the principal venous drainage from the prostatic plexus flows into the caval system, irrespective of the viscosity of the medium used. Free communication exists with the paravertebral veins and it was felt that the forces of gravity played some part in the experimental filling of these veins. Ligation of the main caval veins did not produce any outstanding increase in the quantity of medium entering the vertebral veins. It would appear that Batson has tried to establish the existence of a route of metastatic spread principally on the fact that the radiographs of injected pelvic and vertebral veins bear a resemblance to the radiographs of carcinomatous deposits in these bones. If his conclusions are correct it is difficult to explain the relative absence of metastases in the transverse and spinous processes if there is such free communication between the veins.
One has only to see the massive involvement of para-aortic lymph glands in advanced cases of malignant prostate to realize that, although the bone-marrow may have no lymphatics, the perineural lymphatics provide adequate-channels for the cells to reach the periosteum and cortical bone, and the work of Warren et al. (1936) cannot be so lightly dismissed.
It is also reasonable to conjecture that if the pelvic lymphatics could be injected, the resulting radiograph would produce an appearance corresponding to the distribution of secondary metastases.
In conclusion it is felt that, although some cells may be disseminated along the vertebral venous plexus, there is no definite proof that these vessels provide the main route for the spread of metastases in carcinoma of the prostate, breast and bronchus.
